and plays prominent roles in the nervous and cardiovascular systems (9,10). The best studied member of this family, RGS9, is involved in regulating diverse GPCR signaling cascades in mammals (11, 12) . Its short splice isoform, RGS9-1, regulates phototransduction cascade in rod and cone photoreceptors of the retina and is essential for the high temporal resolution of our vision (13-15). The long splice isoform, RGS9-2 is predominantly expressed in the striatum, a region of the brain involved in movement control and reward behavior (16) (17) (18) . RGS9-2 is thought to control G protein signaling downstream from the µ-opioid and D2 dopamine receptors and has been implicated in drug addiction and movement disorders (19) (20) (21) (22) (23) .
Both RGS9 splice isoforms exist as constitutive heterotrimers with two other proteins. In the retina, RGS9-1 is found in the complex with type 5 G protein beta subunit (Gβ5) (24) and RGS9 Anchor Protein (R9AP) (25) . Similarly, in the striatum, RGS9-2 is complexed with Gβ5 and R9AP-like protein called R7 Binding Protein (R7BP) (26). Both R9AP and R7BP are small SNARE-like membrane proteins. Their binding dictates localization of both RGS9 isoforms in photoreceptors and striatal neurons respectively (27-31). In addition, both R7BP/R9AP and Gβ5 are critical for regulating the expression level of RGS9. Knockout of either Gβ5 (32) , R7BP(29) or R9AP (33) leads to a dramatic reduction in RGS9 protein levels by increasing its susceptibility to proteolytic degradation.
Conversely, overexpression of R7BP (31, 34) or R9AP (35) results in an increase in RGS9 levels.
Interestingly, reciprocal effects on the stability of RGS9-containing complexes have been also described: elimination of RGS9 in photoreceptors leads to down-regulation in the levels of Gβ5 (14) and knockout of Gβ5 compromises the stability of R7BP (29,36).
Furthermore, association of RGS9 with the binding partners and consequently its expression level are modulated by oxygen concentration and neuronal activity suggesting that reorganization in RGS9 complexes could contribute to the neuronal plasticity mechanisms (37) . These observations lead to a general view that RGS9 forms an obligatory trimeric complex with its bona fide subunits R9AP/R7BP and Gβ5, and that the interactions between the subunits are responsible for setting an appropriate expression level of the complex. However, the mechanisms governing complex assembly and intra-subunit interactions are far from being understood.
The recently solved crystal structure of the RGS9/Gβ5 complex reveals tight integration of Gβ5 subunit, which interacts with multiple domains of RGS9 (38) . One critical focal contact point is established between the so-called "protein interaction interface" of Gβ5 and the N- Therefore, we have next analyzed the impact of Gβ5 on the association between RGS9 and R7BP (Fig. 2) . In these studies, we used the short splice isoform of RGS9, RGS9-1, as the absence of intrinsically disordered C-terminal domain unique to RGS9-2 makes this isoform more proteolytically stable and therefore less dependent on Gβ5 and R7BP for achieving high expression levels in transfected cells (42) .
Indeed, we observed robust expression of RGS9-1 in HEK293 cells line stably transfected with R7BP alone (Fig. 2A) . Co-expression with Gβ5 in this cell line had only minimal effect on the stability of RGS9-1 ( Fig. 2A) . Strikingly, coimmunoprecipitation assays showed that RGS9-1 can form complexes with R7BP only when Gβ5 was present ( Fig. 2A ). Similar observations were made when cells were transfected with R9AP instead of R7BP (Fig.2B) . Again, R9AP
failed to co-precipitate with RGS9-1 in the absence of Gβ5 (Fig 2B) . Nevertheless, RGS9-1 expressed without Gβ5 retained its ability to interact with the AlF 4 -activated Gαo, arguing that monomeric RGS9-1 retains the ability to associate with its functional partners (Fig. 2C ).
We further extended these observations and analyzed binding of RGS9 with its subunits in the native striatal tissues derived from mouse knockout strains lacking individual proteins of the complex (Fig. 2D) . We observed that knockout of R7BP or Gβ5 resulted in the similar by guest on October 30, 2017
http://www.jbc.org/ Downloaded from reduction in RGS9-2 levels. However, while RGS9-2 effectively co-precipitated with Gβ5 in the absence of R7BP, it failed to pull-down R7BP in the absence of Gβ5 (Fig. 2D ).
Collectively, these findings demonstrate that the interaction between RGS9 and R7BP is dependent on Gβ5, both in transfected cells and in native striatal neurons. (Fig. 3B) , as noted before (28,43). In contrast, in the absence of Gβ5, RGS9-1 failed to be recruited to the plasma membrane by R7BP, and remained mostly cytosolic (Fig. 3A) . We therefore conclude that R7BP-driven recruitment of RGS9-1 to the plasma membrane requires Gβ5. We have next studied the ability of the mutants to interact with Gβ5 and R7BP by coimmunoprecipitation ( Fig. 5F-H) . Both DEP and
Plasma membrane recruitment of RGS9 by

R7BP is Gβ
Linker mutants showed normal interaction with Gβ5. In contrast, their association with R7BP was substantially compromised. While both mutants retained some ability to recruit R7BP, the strength of this association was much lower than observed for the wild type RGS9-1.
Interestingly, the DEP mutant was affected half as much than the Linker mutant. These 
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